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EXECUTIVE SUMMARY 
 
The production and consumption of plastics is increasing rapidly; there are materials 
outpacing GDP growth and taking over new markets. Nevertheless, only 39% of total 
collectable waste plastics are being recovered at present. In May 2003, the 
Commission adopted a Communication towards a Thematic Strategy on the 
Prevention and Recycling of Waste, which investigates ways to promote recycling 
where potential exists for additional environmental benefits and analyses options to 
achieve recycling objectives in the most cost-effective way possible. It should be 
seen as part of a wider strategy which considers also recovery and sound disposal of 
waste. This is particularly relevant for polymers as they can be recovered in a 
number of ways leading to varying the degree of environmental benefits. This report 
provides an evaluation of the environmental potential of the various plastic recovery 
processes, and assesses the possibilities for environmentally favourable existing and 
emerging processes to enter the European market within the coming ten years. 
 
The report contains an inventory of current post-consumer plastic waste by sectors 
in the EU-25 and offers a prospect of the composition of the plastic waste to be 
found in a ten year time frame. The environmental impact of the most common 
polymers identified has been qualitatively assessed on the basis of the intrinsic 
nature of the respective polymer, the utilisation of the polymer in certain 
applications and its occurrence in specific waste flows. This analysis has allowed for 
the qualitative ranking of polymers in relation to their needs for improved waste 
management. Based on that, a thorough screening of the state of the art of practices 
and research on polymer recovery technologies has been carried out, identifying 
those with high potential for improving plastic waste recovery and analysing their 
technical and environmental performance, together with the barriers and drivers that 
exist for their commercialisation or wider adoption. The report finalises with an 
evaluation of the overall environmental impact in several scenarios, which are 
defined assuming high/low market penetration of the different recovery 
technologies and allocating waste plastic flows to technologies on the basis of its 
technical suitability for the treatment of each waste stream — given its composition 
and the type and degree of contamination. 
 
The main findings presented in this report are summarised in the following. 
 
 INVENTORY OF PLASTIC WASTE AND ENVIRONMENTAL RANKING OF POLYMERS. 
 
The plastic composition of the six post-consumer waste streams under study 
(Municipal Solid Waste (MSW), Packaging, Construction and Demolition (C&D), Waste 
Electric and Electronic Equipment (WEEE), End of Life Vehicles (ELV) and Agriculture) 
has been worked out using the most recent available data about waste arisings at 
EU-25 level1, supplemented with statistics and market trends for product 
consumption and composition with historic data and projection models for waste 
volume and composition. 
 
The analysis of the gathered data has allowed estimation of the most common 
polymers in the different waste streams: 
• Low Density Polyethylene  LDPE 
• High Density Polyethylene   HDPE 
• Polypropylene    PP 
                                                 
1 The study was carried out prior to the accession of Bulgaria and Rumania in January 2007. 
• Polyethylene Terephthalate  PET 
• Polyvinyl Chloride   PVC 
• Polystyrene    PS 
• Acrylonitrile Butadiene Styrene  ABS 
• Polyamide    PA 
• Polyurethane    PU 
 
These estimates are made for the year 2005 and extrapolated to 2015 waste 
collection scenarios. In both cases, LDPE appears as the most abundant polymer in 
waste, due to its predominance in packaging applications, which account for nearly 
half the total plastic waste, collected either separately or as part of municipal solid 
waste. The most outstanding evolutions come from the expected growth in PP and 
PET volumes in waste, clearly originated by their increasing use in packaging (PET, 
PP), but also in other sectors such as automotive and electric & electronics (PP). The 
total volumes of collected plastic waste under the six waste streams considered have 
been estimated at 23.6 Mt and 34.8 Mt respectively for 2005 estimations and 2015 
scenarios. 
 
 
Figure 0.1. Estimated 2005 & 2015 collected waste scenarios, per polymer and waste stream 
A qualitative evaluation of the potential environmental impact of the identified 
prevalent polymers in waste streams, associated to the characteristics of the specific 
waste stream in which they arise, results in the following conclusions: 
• As a rule there is little demand for recyclates in any of the six waste streams 
assessed (PET from packaging waste is the most remarkable exception) and 
whenever end markets exist they generally mean “down cycling” of polymers into 
cheaper and less demanding applications, usually in packaging and building 
sectors. That is the case of most polyethylene (LDPE, HDPE) recycled from 
packaging applications. 
• The analysis per waste stream shows that, in spite of being one of the most 
increasingly consumed polymers in packaging, electric & electronic and 
automotive sectors, PP shows still many unresolved issues for their effective 
recovery in all waste streams. In many cases this is due to the fact that it shares 
applications with other polymers, making it difficult to quickly identify and 
separate PP, and to the fact that PP is used in various grades and combined with 
other materials in laminates or metallised film structures. 
• In the case of waste electric and electronic equipment waste polymer collection 
and separation are comparatively better solved than actual recycling/recovery of 
the reclaimed resins (reprocessing into new products). In that waste stream PU is 
one of the polymers more easily recoverable from collected waste in enough and 
consistent volumes. Analogous volumes are difficult to get with other polymers 
as a result of the high variability in resin grades used in the electric & electronics 
applications, the complexity of mixtures with other polymeric and non polymeric 
materials and the presence of hazardous additives. 
• Collection and reclamation of end-of-life vehicles plastics relies on the success 
of collection and treatment of discarded vehicles at authorised centres. The legal 
reuse/recovery target of 85% of weight of materials present in vehicles forces the 
recycling or energy recovery of plastic parts of vehicles. Large parts of HDPE from 
tanks, PU from seats and glass fibre reinforced PA and PP from hubcaps, bumpers 
and car body can be mechanically recycled if efficiently decontaminated. 
• PVC, the majority polymer by far in C&D waste, has the biggest collection and 
recycling ratios in that waste stream, resulting from campaigns targeted to 
specific building applications (flooring, window frames, pipes, roofing...). 
• Despite the availability of big volumes of waste plastic flows of steady 
composition in the agriculture sector (LDPE films and PVC pipes), the high degree 
of contamination and degradation, especially of LDPE films, restricts their 
recycling options at the moment. Energy recovery is a sound alternative to 
disposal options with no recovery at all (burning, dumping, burying into soil and 
landfill) which are still common practice nowadays. 
 
 INVENTORY OF RECOVERY TECHNOLOGIES AND ENVIRONMENTAL/ TECHNICAL 
PERFORMANCE ASSESSMENT. 
 
An extensive bibliographic search has served to identify a non-exhaustive list of 
processes and technologies at different stages of development within the three main 
routes for plastic recovery (mechanical recycling, feedstock recovery and energy 
recovery). For technical and environmental comparison purposes, those recovery 
technologies with capacity of treating any/various of the most common polymers 
identified in each waste stream, proven at industrial scale, have been selected from 
the list, to undergo more detailed evaluation. Thus, the following technologies have 
been assessed: 
 
• Mechanical recycling 
− Conventional (e.g. mechanical recycling of commodity thermoplastics from 
packaging waste) 
− Advanced (e.g. bottle-to-bottle PET recycling)  
• Feedstock Recycling/Incineration with energy recovery  
− Gasification to methanol (treatment of plastic mixtures from Municipal Solid 
Waste, packaging, Waste Electrical and Electronic Equipment, End of Life Vehicle, 
Construction & Demolition and/or agriculture waste) 
− Gasification to syngas (treatment of plastic mixtures from Municipal Solid Waste, 
packaging and End of Life Vehicle (Automotive Shredder Residue)) 
− Raw materials substitution. Waste plastic (Municipal Solid Waste, packaging and 
End of Life Vehicle (Automotive Shredder Residue)) as a reduction agent in blast 
furnaces 
− Gasification + Combustion (Municipal Solid Waste and shreddered residues from 
End of Life Vehicle and Waste Electrical and Electronic Equipment treatment) 
− Incineration with energy recovery. (co-incineration of plastic mixtures from 
packaging, Waste Electrical and Electronic Equipment, End of Life Vehicle, and/or 
agriculture with other wastes (Municipal Solid Waste)) 
−  (Catalytic) Pyrolysis to diesel fuel (treatment of PE, PP & PS from packaging and 
agriculture waste) 
 
• Energy Recovery 
− Use as secondary fuel. Fuel substitution at cement kilns: co-combustion with coal 
of plastic mixtures from MSW, packaging, Waste Electrical and Electronic 
Equipment, End of Life Vehicle, Construction & Demolition and/or agriculture 
waste 
 
The environmental performance of the above mentioned polymer recovery processes 
has been assessed in terms of hazardous on-site emissions, waste reduction, 
recovered materials, cumulative energy demand (CED) and contribution to global 
warming potential (GWP). It can be concluded that: 
 
• Mechanical recycling: 
Mechanical recycling processes lead to the relatively lowest energy demand and 
highest CO2 savings, they generate negligible hazardous emissions and low levels 
of —mostly inert— residues. 
 
• Feedstock recovery/Incineration with energy recovery 
The processes leading to electricity production (gasification to methanol, 
gasification to syngas, gasification combined with combustion, incineration with 
energy recovery) score worse in the Cumulative Energy Demand (CED) parameter 
than the rest of technologies assessed. The processes show positive CO2 
equivalent emissions per recovered unit of polymers, i.e. they do not help to 
reduce Global Warming Potential GWP. In particular, gasification to syngas is the 
technology with the highest GWP estimate and the lowest energy efficiency. The 
above mentioned gasification technologies minimize hazardousness of residues 
and emissions in respect to conventional incineration. Gasification to syngas and 
gasification combined with combustion also allow for the recovery of non-
polymeric materials (e.g. metals) present in waste. 
Catalytic pyrolysis to diesel fuel shows slightly higher levels of inert residue 
generation than mechanical recycling options, far from volumes generated by 
other thermal and oxidative processes (incineration, gasification to methanol, 
gasification to syngas, gasification combined with combustion). Unlike the 
gasification processes, it produces a char, not a vitrified slag, which explains the 
somehow higher hazardousness of its process waste. Nevertheless, it is superior 
to the other thermal feedstock recovery processes in the CED balance (it appears 
almost as energy efficient as conventional mechanical recycling processes and 
the blast furnace and cement kilns options) and ranks intermediate in the range 
of GWP results, with similar CO2 emission savings to the ones achieved by 
treatment in blast furnaces and cement kilns. 
 
• Energy recovery: 
Use of plastic waste as secondary fuel/raw materials in cement kiln and blast 
furnaces leads to highly efficient energy use. CO2 emissions are lower than in 
conventional operation with coal/oil (i.e. those recovery options lead to CO2 
emission savings) and no additional formation of dioxins or solid residues can be 
demonstrated. They contribute to minimisation of waste and recovery of metals. 
 
 BARRIERS AND DRIVERS FOR FURTHER IMPLEMENTATION OF PLASTIC WASTE 
RECOVERY OPTIONS 
 
The analysis of the barriers and drivers for further implementation of each of the 
polymer recovery technologies investigated has been carried out in the context of 
the factors more relevant for their further dissemination: industrialisation, collection 
and logistics, waste and product qualities, market and prices, and legislation. 
• Industrialisation aspects: Demand exists for those recovery technologies 
developed to obtain a valuable product from a low-scale specific plant (advanced 
mechanical recycling) or versatile large-scale feedstock recovery plants (capable 
of treating mixtures of plastics and other waste), which can compete with 
large-scale and unspecific energy recovery options. The direct use or adaptation 
of already existing facilities like municipal solid waste incinerators, power plants, 
cement kilns or blast furnaces has a comparative advantage over the construction 
of dedicated installations for plastic waste recycling on medium-large scale. 
• Existing collection and logistics: the absence of separate waste collection 
schemes favour processes more flexible in their inlet requirements that accept 
unsorted mixtures of plastic (even blended with other types of waste). 
The technologies that require large volumes of polymer waste in order to run 
profitable and/or are dedicated exclusively to plastic waste are negatively 
affected by long distances between the place of waste generation and waste 
treatment. The mechanical recycling of plastic waste (due to its small-scale 
application) and the use of plastic waste as secondary raw material or fuel in blast 
furnaces and co-incineration processes are the most favoured alternatives. 
Particular situations, like the location of complementary/interacting industrial 
activities in the same area (e.g. a car shredder facility — that is a large source of 
mixed plastic waste — close to a cement production plant — that is a big energy 
consumer) may give preference to recovery through existing processes. 
• Plastic waste quality (input material): consistent volume and quality of the supply 
is generally a weak point in many of the post-consumer plastic waste recycling 
and recovery processes. Even the energy and feedstock recovery technologies, 
that can handle mixed plastics, require keeping the concentration of some 
polymers and other materials under some acceptance limits, as well as a 
minimum conditioning of the waste to be fed into their processes. 
• Product quality (output material): mechanical recycling aims at recovering a 
polymer of quality as similar to virgin as possible, in the form of clean flakes and 
pellets or end applications. The feedstock recycling involves the transformation 
of polymers into their precursors, the monomers, or other completely different 
substances like synthesis gas and hydrocarbon mixtures, that can be used in-situ 
as secondary raw materials, transformed to some petrochemical “base bricks” like 
methanol or olefins, or used as fuels for producing electricity and heat. The 
purity and quality of the polymer decomposition products achieved determines 
their applicability and potential end markets and can be decisive for the 
commercial success or failure of a technology. 
• Markets and prices: The output product depends on the technology, and 
polymers have a higher value than other products resulting from recovery 
processes (monomers, synthesis gas, hydrocarbon mixtures, fuel or its energy 
equivalent). Although markets are broadening for recycled polymers, there is still 
mistrust from the consumer side concerning the properties of the recyclates. 
That means that outlets in high-end markets for recycled plastics are limited. The 
saturation of low added-value markets and the lack of niche markets in the EU-
25 absorbing recycled plastic material can jeopardize the large capacities 
installed for mechanical recycling in some countries and divert waste flows to 
other recovery options or reclaimed materials flows outside the UE. 
In this context, feedstock recovery processes would be a reasonable alternative to 
combustion for opening new markets to materials recovered from plastic waste. 
Given current oil prices, market prospects may be quite favourable for medium 
scale plants yielding fuel final products of diesel or petrol grade instead of 
intermediates for the chemical synthesis industry. 
Market prices can be severely influenced by local economic incentives and 
instruments which can constitute either barriers difficult to overcome for 
establishing new recovery options in a given area or incentives for promoting 
preferred disposal options. 
• Legal framework and environmental policies: The policies in the area of pollution 
prevention, waste and energy constitute a complex legal framework. The 
transposition of the current EC directives into national laws, together with the 
specific national postponements and targets and the distinct national/local bans 
and limitations on certain activities, make the area even more intricate. 
The existing Directives on Packaging, WEEE and ELV waste streams may have a 
direct effect on the development of polymer recovery technologies and the 
promotion of certain treatment routes that make it possible to reach the recovery 
and recycling targets set. The actions towards increasing the recovery of other 
plastic waste streams not specifically regulated by EU Directives (e.g. C&D and 
agricultural plastic waste) are supported by economic private initiatives, local 
regulations and the European strategies on prevention and recycling of waste and 
on sustainable use of natural resources. 
National polymer waste (and waste in general) treatment systems in Europe differ 
to a large extent. Several Member States have been applying during the last year's 
landfill diversion policies and have a well developed infrastructure of waste to 
energy (WTE) plants. Also, some Member States host pilot and commercial 
installations of novel processes for feedstock recovery of polymers. 
Regulations on emission control for industrial processes (incineration, emission 
trading scheme ETS and IPPC directive) and transboundary waste shipment 
regulations can also influence the setting-up locally of some polymer recovery 
processes in opposition to others. 
Regarding the recyclates and products derived from plastic waste recovery 
treatment, further regulations and standards setting specifications on fuels and 
newly manufactured products can play a role in their marketability and therefore 
enhance or hinder recovery routes. 
 
 ENVIRONMENTAL IMPACT IN SCENARIOS BASED ON DIFFERENT MARKET 
PENETRATION OF RECOVERY TECHNOLOGIES 
 
A great number of factors and interactions affect the choice of one waste polymer 
recovery route which demonstrates that there is no absolute superiority for one 
recovery pathway for plastic waste. A combination of recovery solutions guarantees 
the most efficient achievement of environmental objectives. By means of the 
environmental evaluation of different potential scenarios of waste polymer recovery, 
where the various recovery technologies considered penetrate the market in 
different shares, it has been possible to assess the associated impacts to the most 
likely situation of plastic waste recovery in the EU-25 in 2015 and to compare it with 
other hypothetical situations. Four scenarios have been assessed in the present 
study: 
− Base line scenario (extrapolation of current recovery situation to the estimated 
waste plastic amounts in 2015 and the future requirements of minimum recycling 
and recovery set by the relevant EU legislation) 
− Scenario A (maximum penetration of mechanical recycling options over base line) 
− Scenario B (maximum penetration of feedstock recycling options over base line) 
− Scenario C (maximum penetration of energy recovery options over base line) 
 
Figure 2 shows the treatment of the estimated 33800 kt polymer waste in 2015 
through different combinations of recovery technologies. Due to the differing 
capability of the recovery technologies to access polymers in the different waste 
streams, the amount of plastics treated in the scenarios varies. In scenario A, 46% of 
polymer waste are treated with recovery technologies, which is close to the baseline 
scenario. Much more polymers are accessible to recovery technologies in scenario B 
(61%) and scenario C (64%). This leads to the result that in the overall scenarios the 
energy efficiency is higher for scenarios B and C, also mechanical recycling is more 
energy efficient per unit of treated polymers.
  
 
 
Figure 0.2. Polymer waste distribution per recovery technologies in the four assessed scenarios 
 
The comparison of the environmental performance of the four scenarios of 
distribution of waste streams per technologies has been carried out considering two 
main impacts:  
− Emissions that contribute to the Global Warming Potential, expressed in CO2 
equivalents per weight unit of plastic waste recovered. 
− Cumulative Energy Demand or the total need of energy consumed within the 
combination of recovery processes applied (per weight unit of plastic waste 
recovered). 
 
A comparison of the respective environmental impacts of the different recovery 
technologies indicates that global warming impact is most pronounced in Scenario C 
and least in Scenario A, due to the relative balance between GWP effects of 
mechanical recycling and energy recovery technologies within the different scenarios 
(see fig 3). As for the Cumulative Energy Demand (CED) parameter, all assumed 
scenarios reflect the positive effect of applying an optimized mix of recovery options 
as opposed to disposal without recovery. However, although being superior to the 
baseline scenario, there are differences between the scenarios. The ratio of Total 
CED/Total Plastic waste recovered scores the best value at Scenario A (-30 GJ/kt), 
whilst the highest and therefore least favourable value is reached in Scenario C (-25 
GJ/kt). 
 
 Figure 0.3. Compared GWP and CED results in the four assessed recovery scenarios 
 
The lowest overall environmental impact corresponds to a maximum penetration of 
mechanical recycling, scenario A, which is defined as follows: 
− Packaging: Maximum penetration of mechanical recycling (40%), whilst 
conventional operations can give way to some extent to more advanced methods, 
i.e. PET bottle-to-bottle technology (5%). The waste flows to the rest of recovery 
routes do not modify the base situation. 
− Municipal Solid Waste MSW: No market penetration of mechanical recycling 
higher than the base line scenario is assumed. 
− Waste Electric and Electronic Equipment WEEE: The maximum penetration of 
mechanical recycling will correspond to recycling ratio required for legal targets 
compliance (25%), while the rest of recovery operations remain on base line 
levels. 
− End of Life Vehicles ELV: The maximum penetration of mechanical recycling will 
be up to 15%, with an additional 10% over base line subtracted from feedstock 
recovery waste flow. Energy recovery remains on base line levels. 
− Construction and Demolition C&D: The maximum penetration of mechanical 
recycling will be up to 15%, with an additional 6.5% over base line subtracted 
from landfill flow. 3% out of 15% of the material recycling will be treated via 
advanced mechanical recycling. 
− Agriculture: Maximum penetration of mechanical recycling will be up to 60%, 
with the additional percentage over base line subtracted from landfill waste 
flows. 
 
However, it should be noted that, under the assumptions made in the definition of 
the scenarios, this most environmentally favourable Scenario A allows for lower 
overall capacity treatment than Scenarios B and C: just 46% of plastic waste is 
recovered in Scenario A, while Scenarios B and C provide recovery rates over 60%. 
Therefore, two aspects should be regarded for the full appraisal of recovery 
scenarios and the calculated environmental impacts associated: 
• in Scenario A the percentage of sorted polymers is by 4.5 points higher than in 
the other scenarios due to mechanical recycling; 
• enlargement of Scenario A to higher overall recovery rates, by sustaining (or 
increasing) the recycling to recovery ratio (in order to keep GWP and CED 
balances in the best values), may be difficult due to unavailability of sufficient 
sorted waste polymers suitable for mechanical recycling. 
 
Other general considerations like the potential higher production of hazardous 
waste in energy recovery technologies should be considered in a further analysis. 
The hazardous wastes are regulated and possible trends or future reduction 
objectives towards waste reduction in the end of life process could interact with the 
defined scenarios. 
 
Another relevant aspect which could affect the scenarios is the market development; 
e.g. scenarios where mechanical recycling is increased are driven by higher market 
prices for recycled plastics or increasing CO2 abatement cost. Also the influence of 
energy prices, mainly in energy recovery oriented technologies, should be 
considered for the sustainability of the recovery process. 
 
